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ABSTRACT 
Syntlletic Aperture Radar (SAR) imagery of the Wind River Knnge area in Wyoming is com- 
pared to visible and near-infrared imagery of tho same arca, Data from the Scaslt L-Band SAR and 
an aircraft X-Band SAR are compercd t o  Landsat Return Beam Vidicon (RBV) visible data and 
near-infrared aerial photography and topographic maps of thc same area, Visible and near-infrared 
data provide more information than tile SAR data wllen conditions are optimum, However, tlie 
SAR penetrates cloiids and snow, and data can be acquired day or  night. Drainage density detail 
is good on SAR imagery because ~ndividual strea11:s sliow up well due t o  riparian vegetation csusing 
higher radar reflections wliicii result from the "rough" surface which vegetation creates. In tile win- 
tor image, tlie X-Band radar data sllow high returns resulting fro111 cracks on the lake ice surfaccs. 
High returns are also evident in tlie L-Band SAR irnagcry of tile lakes due to  ripples on tlie lake 
s1.1rfaces induced by wind. l t  is concluded that utilization of nlultispcclral d ~ t a  (visible, near-infrarcd 
and microwave (radar)) would optiltiize analysis of hydrologic features. 
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I, INTHODUCI'ION 
In this pilpcr, u rl~ult ispcotctl approire11 wus c~nploycd for allslysis of llytlrologic features in the 
\Yintl River Hilage, Wyomi~rg, E~npliusis is pllrcctl 011 tlrc Seaslrt Syritlretid Apertiiru Karlirr (SAK) 
bccatsc i t  provictcs d IICW dttta sotrrcc, Tho ilrtotrt of this study wits to usscss ilia ini'or~~rution coli- 
tulrt of tllc Sui~sut SAR by co~irporing ttlc L-Dilntl (23,Sctlr wirvclcngtlr) Sc;ts;lt SAH tl:tts with X- 
B;~nd (3,l ~111)  c~ircr:lft SAK dntit, Larrclsat-3 returfi bcitttr vidicon (HBV) (Intu, U-2 color-infr~trctl 
plrotogr:ipl~y ittld topogri~pllic 11i;tps. The ci~pubilitics of thc Scasut SAK for Iiydrologic studies in 
tlic Wind Kivcr Kirngc itwu cotlltl truly be asscsscd because data fro111 wvcrul diffcrcnt scllsors were 
i~~ililnblc tbr coti~porison. For this reason, tllc Wilrd Rivcr Riltigc wwas clloscn for study, Scusat SAR 
di~tii provitlcrl minimal ili~provcr~~clrts its conrpi~rctl to  otllcr scllsors far !;tudyinl: hyctrologic fcittures 
ill Illis study ~ c r t .  'I'l~csc improvcmei~ts rcsuitcii ii-oln tlrc tli~y/night, ;ill-wcatllcr wpilbililics of the 
Sci~si~t SAR. I~1l:lgcry was :tcquircd 011 tllc tbllowing tliltcs: Sc:tsi\t SAR - July 3 1,  1978, aircraft 
SAR - Mnrcli 30, 1979, Li~ndsat-3 RBV - August I 1, 1978, U-2 pllotography - Mi~rctr 2 1,  1976 
ant1 .I ulic 2 1, 1976. No grountl t rut l~  tlnta wcrc wnilnblc Sor calnpnrison wit11 tllc rctr~otcly-scnscd 
data. Otlrtr work denling wit11 active t~ricrowiwc npplici~tiotrs to ilytlrology 113s bcctr pcrlbnncd. For 
cxon~ple, soil wctnoss ancl snowmclt t~~casurcmcnts wclVc ited by Sirnonett ( 1978) :IS two ilnportant 
arcas for wllicll radar ditta could bc uscf\ll for wittcr rcsollrccs studics. 
11. STlJOY AREA 
Tkc Wind Rivcr Mout~tt~in Rongc is locirtecl in west-centrcil Wyotrrit~g (Figures 1 A and B). Pre- 
cnnrbrian metnmorl>hic iind plutonic rocks and limestone, sandstone atrd granitic litliologies com- 
prise t l ~ c  geology of' tire iirea. Ttle c l i~r~atc  vnrics with altitude, being semi-arid itt tllc base of tlre 
rcttrgc itt i~pproxil~~iitcly 1830 ti1 (6000 feet), itnd alpitic at tlrc sumtsits at it11 cl~vi~tiotl of t~esrly 
4265 ni (14,000 fcct), Precipitation avcrttges 300 mil? ( 12 i~lchcs) ;I ycilr i ~ t  t rc bilse nud over 1525 
riltrr (60 inchcs) on the lrigllest peaks. Approximately two-ttrircls of this precipitittion rttlrs off via 
strcils)flow, As ii rcs\tlt of  tlie climr~tc, latitude n~ld topogr;~plly thcrc rrrc 63 small v ~ l l c y  glncicrs 
in tllc Willrl Rivcr Rd~lge llltitly of wllicll arc iidvtit~cilig, 
Tlrc vcgctatiorl in tlzc \Vim1 Rivcr R n n p  consists o f  trlpine n~cadows anct Ilcrbilceous plants 
above 3050 111 (10,000 fcct); bclow tliis l?ouglns Fir is coninlorl near tllc base of  the mountains, 
and Locigcpolo l'inc clt~d Westcrll Sprilcc-Fir forests ciaminiitc tlrc lliglicr slopes, Silgcbrusb, wllciit- 
grass nnd stcppc vcgctatioll ctrn be found rlear tlic l~irse of the mountains, In irtlclition, cottot~wood 
:~nd W ~ X J O W  trees iire ~~rcvaletit on tlic lloodplains of tnany of tile larger stre;lms new t l ~ c  bnsc of  tlie 
tno~tltiiins. 
111, SENSORS 
L-BAND SAR (SEASAT) 
Tile Scnsat setcllitc was placed in a circular near-polar orbit in June of 1978, Scasnt circled 
tlic Earth 14 tiriles per day co~tlplctitig 1503 revolutions prior to  n power fiiilurc wliicli tcrniinated 
all remote-sensing capabilities in October of 1978, Sylitlietic apcrturc radar (SAR) inlagcry was 
acquired for brief periods wlictl tlie satellite was in direct line-of-sight co~~irrnu~licatio~i with one 
of  tlie four rccciving stations in Nortli Anicrica or the receiving station in tlic U~litcd Kingdom. SAR 
imagery wils acquired over most of tlie U,S,, but total coverage of the continental land surfaces was 
no t  obt;~incd. 
A pllotograpli is a record of the intensity of liglit reflectctl from c:rdl resolution ccll wltliin a 
camern's ficld-of-vicw, wlicreas a radar imitgc is a record of the intensity of ~nicrowavc energy re- 
flcctccl froni each resolution ccll within [lie radar ficld-of-view, Like conventional raclar, the SAR 
transniits electroniagnetic pulses and records their return, or cclio (Kovaly, 1978). The Seasat 
SAR antenna transl~iissions are spread over an angle of sliglltly less tlialr l,SO, wliicll nleans that a 
given spot on tlie Earth's surface is witliin the beam for 2 seconds since SAR is moving along its 
orbit about 7.4 km/sec. Return cchoes from tliis bean1 are integrated over tlii~t 2 second period 
so that each ground spot returns tlie radar beatii froni a range of angles. T l ~ c  syntlietic aperture is 
iI product of the orbital velccity of tlie satellite ant1 the integration tirne. Tliis results in an image 
Iiaving l~iglier clarity and better resolution than imagery fro111 real aperture systenis operating a t  tlie 
s;lmr nltitudc, In i~tltlitiofi, thr, resalutiuti of tltc Imagery is indcpe~itlcnt of altitutlc, Tllc Scasnt SAR 
car) rcsolvc details ;n sriiull tts 25 111. Tlle actual resoliltion is bctter tlrun 7 a, bttt to r$ducc scattering 
effects callecl "spccklc" ill tllc riltirr~i signirl, rotour rcsolutiori units urc avcra~cd together, rctlucing tllc 
resolution of tlw finisllcd preduct ncsrly four ti~ilcs. T i ~ c  sciilc of t l ~ c  SAK imagc~~y Is t~pproximetcly 
1 :4SO,OOO, 
Ituilar trr~s its ow11 soilrcc of i l l r ~ ~ i i i ~ ~ u t i o ~ ~  atrd i s  tbrefore not restricted t o  daytime operation, 
Microwt~vc sig~~uls 3t tlic Scasat SAR wnvelcngtl~ arc i~siially tttraffectcd by cloutls, fog and atnros- 
plicric tlisturbaaccs resulting in ill1 weatl~cr ~nc:rsuremcnt cilpilbility, Scosat SAR dritil result fro111 
h ~ r i ~ o n t i ~ l l y  likc-poli~rizcd (I-Ikl) L-barid (23,s cm) redilr sig~ials tr~kcn cluring ilscentlitig or dcsccnd- 
i~ lg  orbitnl modcs. Tlic intensity or briglit~icss of an individual rcsoluticn cell is rclutcd to  baclkscattcr 
ctwrgy froti1 the sottrcc. More scattering will cause a hrigl~ter eturn, The surface parilinctcrs wlrich 
1i:rvc bcen Soutirl to nifcct tlic return signirl ;ire surface roudrncss, slope and t l ~ c  otiiplcx diclcctric 
cat~stitl~l (MueDonaltl and Waitc, i 973)' Incidence ii~telt., peliidzation and frcquc~icy arc thc instru- 
111c1rt pnratirctcrs which :llso affect thc intensity or briglltncss of the return signitl, 
Rclaiivc si~rfi~ce roughness is c:tlculntcd by using the s~nootll ;l~lcl rougli criteria ol' I'cakc and 
Oliver (1 97 I ). Tllcse cri teri;~ arc: 
s~ r~oo th  criteriotl rough criterion 
11< h 
8 sin 7 
wlrerc h = the average Iicight of surfirce irregularities 
X = the radi~j w:lvelengtb (23.5 cm for Scasat SAR) 
Y = tllc depression angle between the lrorizontal plane and the radar WiiVc incidcnt upon the 
tcrraiti (70' for Scasat SAR) 
For tlic Seasat SAR tire s ~ ~ i o o t l ~  criterion is calculated to be 3, l  cni wliiclr mcdns that surfaces with a 
vcrtical rclief of 3, I cm or  less within thc SAR footprint (25 111) will ilppear s t~loot l~ aucl liavc a clark 
signature. Tlic rougli criterion is 5.7 cni wliicli liieatis that surfilccs with n vertical relief of 5,7 cm or 
niorc will appcar rot~glt and have a bright signature. Surhccs wit11 vertical relief bctwcen 3.1 itnd 5.7 
cnl will ilavc intct.rnediate signatures (Snbins ct al,, 1979). 
TIN clyntlmic: rimk , ol" the Sensat SAIi  sysletll is low, corrcspor~sliofi to ir ~nilxiri~um o r b  gray 
Icvels. For th is  fiasorr tllc illore subtle v;lriations in surface coi~ditiarls arc so~ttctin\cs not seen. 'l'he 
Sotisnt SAR II:IS :I look al~gle of ttboi~t 20' (the dcpgssiut~ anglo is i~bont 70') arlrl i~~eiiletlcc angles 
that C O I ~ I I I I ~ I ~ ~ ~  r;rn&e !~ctwcen 0' oni! 30'. S11ufilccs t ~ o ~ i l i ~ l  to t11c r id i~r  look direction having a slope 
aagle largcr t l ~ n ~  20' t i ~ ~ y  yicld i~tcit lc~~cc :~tlplcs of 0' iltld will bc gco~netricillly distartcd tltie 
to the Inyovor effect wllcre\ry Sc>rcslopcs appc;rr forcshortenetl bcs:lusc llic miln~ echo is  rctilrr~cd to 
tlrc source soaticr litan ccllns fro~n c~tllcr slolrcs (Matthcws, 1075). I~oci~l~se 01' tllc S C ' ~ \ ~ C  of (lie Ser?~t~t  
iningery n ~ l i l  tho n:inow raclur bet1111 wicltll (b3) ,  itlli\ge t j ;*t~:~!io~~ is !lot il S L ' C ~ O ~ I S  probleni, 'l'llc corol- 
lary to layover of Soreslopes is slraclowing of backslopes wlii~it sccrrrs \cllrcrc thc slopes ;\re steeper 
tllan tlic tlcprcssion a nglc (70°), I n  this ~tllcly arc;\ IIIOS t slopes tit) 11ot :\1111~0il~11 70" i, COIISC'~]LICJI tly 
nlnst bnckslopcs nrc not ill m d ~ r  sllnclow (I;'orsl, 107'1), 
X-BANI) SAR (AIRCRAFT) 
The X-Bansl systcm irsctl ill Illis stucly is a syntlictic aperture radar r~nrl is flown o n - l ~ ~ r c l  tllc 
NASA IW-57 ;iircr;~ft, typioully titall nltit\~dc of 2088 111 (60,000 Sect), 'l'llis SAR i~nirgcs a ~ ~ v a t l l  of 
S K l l ~ )  wi t l ~  :I r:lnge and :~xialutll rcsolu tion of *- 15.2 in (SO k c  t), l*il~e (I  I1 I i111Cf VV) iitld Cross- 
polnrizcil ( l lV ;\ntl VII) cI;LL;I are take11 S ~ I I I ~ ~ ! ~ ; I I ~ ~ U L I S ~ ~ ,  D;I ta can hc ~ b t i ~ i ~ l ~ d  i l l  ~ \ V OI I IO~ICS,  111 I I I O ~ C  
I, tlic viewing nnglc (ol'l'nntlir) c:tn be set bc t~ec t l  14' nllsl 5 I Q ,  ti1 tl~otle 11, the viewing mngle call be 
sct for any nllgle bctwecn 45' and 63' ol'f-ntttlir, Vicwillg allglcs c:ttl be selcctcd in tlic cockpit. 
Conrparison of the 1111 ant1 VV with t l ~  1IV and VI1 i n ~ a ~ c s  of tllc I;anlc tlrca sliow Ll~clt lte 
r:ltlar return sig~ials arc generally higher in tllc likc-polarizcrl ini:igcry tls seen in Figure 3. Motlc I 
im:yyxy gnvc Irigller returns thcn Moclc 11 cl;rtn, so only Mode 1 illlagcry is i~iclutled in this analysis, 
Some bunding is prescll t in tllc i~llagery anrl lii~lders in terprc tn tion \vkcrc it occurs. 
Tllc rough critcrio~z for the X-Bnnci SAR is calculotcd lo bc 1 , 1  cm, and the sn~ooth critcrian 
is 0,6 c~t i  using the deprcssion angle of 38.7'. The X-Bi~ncl SAR ctcprcssiotl angle is consiclcri~bly less 
than that of tlic Scasat SAR (70°), i11tcl thus mctnr sliatlowing of backslopcs is created in tliu rcsulti~~g 
X-Bnnd im:rge:y. 
Acrinl j~i~otopr;~l~lry was ttlkcn over tlru WirrJ Rivcr Ratrpe iis piirt of thr! NASA ltnrtlr Kcsources 
Aircriil't I'n~gri~~rr (It lZAli) frro~n 1074 Ilrrougll 1976, Usitrg on RGS ciisrcm on.boiirtl tr U-2 aircrirl't, 
,rpp~osia~:~tely 10 nlclcr rcsalution irlragory wtrs obll~i~rcil in tlrc 0,$ p n  - I ,  I 41)r spcctr;~l riillgc, 'Tllc 
U-? ;rircrufr pi~oiographa llro l:;trtl~ fro~ir ili zlltitr~tlc ot';rbuut 18,300 111 (OO,QOQ foct), with :I fount 
IsilgIl\ ol' 15 cnl \b inchcs). Tile scale ol' illis lriylt riltirutlcr i~lrotograpl~y is  soyroxia~i~tcly I :120,000. 
LANUSKI' KI1V 
I,;11kJsat itnagcry Ir;ks ilccll ncquircd over thc Wi~itl Rivcr Iiiltlgc si~icc July 01' 1072 ~rt l~cn L,;~ntlst~t- 
1 \i '11; llrsl I:\uncl\ocI, Ln,-rdsi\t+2 w:rs Irrunclicd in Jtrntrnry of 1075 :1nr1 L;itldsnt3 in hlnrclr of 1978, 
'I'llc Littrtlsot s;~tcl:ilcs I~nvo higli rcsalutioa mul1isp~)ctrol sclrsors, ropctilivc coverirgu ci~j,irbility find 
c ;~~~t r~ ,g r , tp l i  i i  111 adtlition to the r~lultispcctr;~l scnnircr subsysloir (MSS) on-boilrct ill1 tlrrec 
L:inrls,tt satcllitcs, L;rntls:rl-3 :~lso 11:is it 12cltlrn 13c:lnr Vitlicoil (RUV) systclu \\ll~ie\l c!ilploys two 
~~atls*lkrc~~u:rtic vkliuo~l ciifil6r;ls t l l ; ~ l  opcr;itc it1 t l ~ c  0.51~0.75pm brrnd, Tllc Kl3V i1n:lficry lrms ii 
1101lli1i:iI T ~ S O I U  t ion O S  -30 111 illid :I SCII ic 01' I : SOO,OOB, I:oi~r oucrl:ij~pit~g I,t\1lrlsal-3 K13V st~bsccncs 
co~nprist. ollc hlSS s o e ~ ~ c .  
IV. ANAL*~'SIS AND 1tt:suurs 
Tile Scnsill SAR i~~i;igc (1:iguro 2) w:~s taken on July 3 1, 1978 in ;I dcsocntling orbital niode (NX' 
lo SW). For this arbit tllc look dircctio~i s  towarcls t l ~ c  NW. Titis scolic sllows t l ~ c  Wintl Kivcr; Gros 
Vcn trc :r~itl \Vyoi\liag Ranges of Wyoii~illg aiirl the Wyoming Birsi~i. T l ~ e  brigill or I~iglr rct~11.11 nrc:\s 
rcpt'cs,:u t u Iligl~ surhci. rougil~~oss wi tllill tlic SAlZ foo tpriil t (25 ni). Ili~rk o r  low rct u r ~ i  :~reas reprc- 
sent sl~iootl\ s11rf;lccs. 'l'11c bright returns in lilt I I I O U ~ ~ ~ ~ ~ I I S  :ln\ 1:lrgcly a rc~::it of tlic forest c;rnolqr 
covc.t.ing tllc nrount:ii~~ s l ~ p c s  (I'ar cx;rniplc, soe ;Ire:\ A on I;ip,lrc 2). Porcsfctl a14c;1s I ~ m c  :I lligtr sur- 
flrcc rougl~nrss. PI11e I'OCCS~ c:1110py COIICC~L~S tile underlying wrrfilcc by rcllecting ;I\Y;IY ~ + i ~ ~ l ; \ r  eucrgy, 
I?;~ul ts :~ntl inci~nien ts wi tllitt t l ~ c  motin tui~~ous ;was  ti\!\ bc ci~sily rlctcctctl on the SAR ilnngc! 
iIS abri~pt gr;ly lovcl c i ~ i ~ t l g ~ s  ns scc~i at  "B" on l2igurc 2.  Mu~ultoin slopcs wlrich f;lcc tlic look 
rlircct2~rtt of the SAR rsl1r)st t,l~l;lr st~r)~%> back to t l ~ c  ants'iltlu ;~ncl pr~~tlucr! I rsptitcr ~iprratsirr"; 
t t ~ i l r ~  slopes filciag a\\,ly i\llicIl upptiir tlurhar. 
'L'hc \Vyort\ir~y II;~siu iIllilciirs d;~rl\, in tile ccntcr t\i:llc rirlnpra us hcsa i r ~  1:iptrre 2 ~u,trhctl "C", 
'Tllc! rc\li~tivcly ~lllb0tll te~'rdirt gives it ICIW m t f ~ ~  ~ U I ' I I  it!lJ i\P ;i W S ~ I I ~ ,  r w r s  ;III~I  sfrCiiIkis tvifl~itt 
this low rc'hlrn rcgiotl S I I I ~ Y  1111 ilS Itigfl return or hripitl fcnturcs ht.ca\rsc of t l~e vcgc1:iticln crtrr- 
fined to strca~il Ijatlks :\nd lloorlplains Ilnvit~g ;t hip11 suri~icc rattglrltcss rclntlve to tllc ntht~-vgut;tlctl 
stirrouatlii~g plains (Si~birrr e l  ul, 1070). 'Sltis citn bc see11 in ;irca "1)" on tl:iprtrc 2. 
At the b;lsc of' the \\lil\rl River h lo~~l t i l i l l~ .  i~orfll 0s tltr* NCW b'crrk I<ivsr, \r!visl.;ll gl,ic131 Ik~ke!, 
;ISC visible on like Scas;~ t i~n:lp*, l'lie lakes vary in brig11 ttiesz t ? [ ~ ~ r  Irl;lCk tu FrilY. liipl~lcs :ttld \r.;\vcs 
on tile Iilh~ st1rl'ncc.s 1t10st likely protlucc tiiplrcr returltq ;inti ' i i l ~ ~ t > t l ~ ,  c,111n ~vatcs pro11~1cs~ I O I V C ~  re- 
titrtis (Stihins st, ill., 197r)). 'l'llc lakes (ilr~.tas ~n;irh~rI  "1:" ccri 1:iyure 21 wi l l  hc3 tli$ct~aacd itt ~tlorc <Ira- 
toil  litter. 
Tllr) bright stccaks it1 t l t ~  kwcr  riplit corller of  ftlc i ~ t l i l ~ ~ '  (ilt'c'il 1:) ;ire pc~ll;ljVi ; I S S O C ~ ~ I ( C ~  
witfl prccipit;~ ting clouds, I'secil>i t i ~ ( i ~ ~ \  Wils r~lcur~lctl ;I 1 sc~c*ri~l laso tions i t1 west-ccn t ~ l  \\!yu~uiug 
on tllc tl;)y of tlic Sciisat ouerp;lss, i l t l ~ l  lhc ( ;~os t i~ t io l \u r~  Olrrwtion,ll linvironn~eiit S:tL~*llitc b(;OlISl 
collt~l 'tll~ti tilt. 11I'C'SCllCC of e l i l l l l l ~ ~ l l i l l l ~ ~  r ' l~lll~i L'c ' I~s  ~('liltfl 01' tlks \villri 1tiV~r I Z i l l l ~ ~ '  ill ille S;11111' 
11our tlinf tile Sensilt imugc ~ v t ~ s  tilkell [9:0O I',hl. 10c;ll i i t~~c) .  X.:l~lrl~i\t i111;1gery, pliotognl"ily i111tl 
topographic i~ntl  geologic nr;rps o f  tllc s:inlc arca rlo liot inllictitc tllc prcsetlcc of any s l ~ r h c c  fcnturl's 
wllicll collltl ulll~rwisc explain flleso rcl~rriis. It is also possible tllilt tllssc I'utflrlis IIliIg' bc cnt~sctl by 
difforcnccs in soil ~iioislurc rc'wtltitlg ~'rotn prccil~itution which occnrrct~l earlier in Ll~c ti:ty+ 
Tllc ilrcn ()I' brbiglit rc tiirlrs in tile lowcr right I1:tnrl cr:nter ul' t lie i~nagc (ilre;~ "'(;"I is non-vcgt\t:ttcli 
hut tlie rougll (iliphly i\isscctcrl) surftlcc results in ;I ltigli rctlcctivity of  Lllo r;~rlilr cnergy, A ~n:trsh 
arca trcnsitiolli~l ill brigl1tnrt:zs :?ci\\fccn !,he vsgetntcrl sttsam cl~nnt~els unrl tllr rlt~rk bitsill areas c;rn hc 
Sccll ill iIWiI ''11" 011 1;iyurc 2. 
I)ontll.itic cflwinn~c c1~omcterir.c~ this p;~rt  of Wyurt~i~ip, 'I'lle cclnlhini~tion of'l~iglt siufiicc rull. 
of 'and ~ron-rcsisc:~~~l and i~npesmcobl~! bcrlrnck 1.csults it1 a Iligllly disscctcrl surhcc, Tllc i t s ~ ~ ~ i ; ~ t t l t l  
iir.iiaayc ft*i.;ltrzres give P~rfgh rctttrnls iitld tlllis iipPc;ttb bright 011 the ratlar imnyery, Tlie crrt.!~t of mcltrr 
:*rp~vci; ttiscurscd eerller, lends to en1ttltlr.r attt.ill valleys whic9r cilssect ridycs tllrrl slopes, 
In  tlir aenii~arLI clirlrutc whicli ci1ar8ctcuiz~r tlrc bnsitt area, vrgetntlon is \tst~nlly confined to 
vtrcam Irat~hs iitlti flood pf,tins, Tfrin r'ipiirian vugcttttiat~ providws n n~rrrketl ~~161tri \~t  fo the non- I 
vegetated interfluvial dunes tll\u nrtrkit~g streant itlcntificntian cnsicr thoa 111 f i  maw ~ ~ ~ ~ i f o r n i l y  I 
i 
wp tn ted  region, Ibr~nph tllnrly of  ttlc rivers, dreann nad tribr~trrrics occur on rclutivcly flrrt pltiina, j 
1 
tl~cy sllow up urr SAR Imagery bccarrsc of tllrrltiplc rntinr rcflcctions from tho strent11 Bccls arid I 
:rssociatctl vcyctrrtlon I~avine, tllc cffi'et of ilcccnt\liiting surface ro.oughncss (McCoy, 1967; llali and 1 
Dryan, 1977). This is thr! tL18C CVCII tllotifih ~ a t c r  in t l ~ c  CIIOIIIICIS $VCS 110 r ~ t t t r ~ ~ ,  
Four carders of S I N B I ~ I S  ci111 br? irlcatificcl an tltc brisin floor and on rl~a\rt~taill s opes fronl the 
1 :450,000 scale Scasat illlage (Irigtrre 2). hforc tlraintige iirtfor~nrrtlo~~ is  disccr~lublc 011 illotl~~faill 
slopes wIlii.11 arc in the look clirccticrt~ of the Seasat n11d X-btlt~d ratlilts bcrrusc nrorc cncrgy is di- 
rectly ~cflccterl back to tlrc scnsnr. Typically fottr orders of stre;lt~\s cnlr bc id~ntiflcd on the X-Band 
i~n;~gcr>* !Figt!.tl:; 3A iinct B) aiiitouglt grci~tcr tlcttril c:rn be disccr~~cil in solac well-disscctcd rcgiotls 
witl~ilr t i le VV palari~cd data, For comparison it sllorild br! pointed out that four strcata orders can 
also bc ntappcsl iising Lanilstit RBV im;lgcry nnrl USGS 1:2SO,OOO scale topogr;tplric maps of' 
tltr salnc iirea. On tllc 10 rn resolution U2 imafiery as DIiiny ns 6 stt'cntn orrlcrs CilIt be irlcntificd 
in so~lrc :Ireas ~ t c l  gullies anti JitcI~~s Cittl he cnsily locirtcd, A direct compulJson bctwccrz tllc 
X-Band SAli and the Seasilt SAR iIt  tiic snrlzu scnlc wits not :rcco~nplishcd it1 tlic study bccnusc whon 
thc! Srilsat ir~lagc was ~~l~oto&r:kphically cr lrlrgcti to t l ~ c  s:imc scale ;is the X-Bantl irlrngc ii loss sf 
illlagc quality and detail rustrltctl. 
DLIC to tlic l~igll spatiid r ~ t s ~ l ~ t i o l l  of the X-R;\nd ratlar ( 1  5 m) sad the roiigll~~css cr i tcr io~~ of 
1.1 em, canals ttiirl clwinngc clivcrsions in tllc nrcn to t l ~ c  soutll of Willow Litkc and Frcmant bike 
c:in be cliscerr~crl (Figure 3A nrcu "A"), Even tl~ougll samc of tllesr? can:lls and clivcrsions arc narrower 
tiian 15 m, tllc litlcarity of tllcsc fciltures provitlcs n~fficicnt dcfitlition or co~ltrrist o allow thcir dc- 
tcclion, Scveral lakes ilrc prcscnt in tlie X- ond L-Bnncl ratlar scc~lcs (Figure 3 area "B" i111d Figitrc 3, 
area "E"), Loc:rlized higlr retunis in portiolls of thc lnkcs can ba scc~i sir botll of tllc irnagcs, Tllc 
hriyitt rcttlnltr ilre cdll'ied 1%) t l i i f ~ r ~ f i t  filt'tsrs I #  ctesh c;r* lvc;lu~c tiit) Itn;~pc% \vets ~r'tflli&!d tluring 
rlifli;.:unt ~t"i ihtft~3. 0 1 1  the Sti153t SAit i11t;tgt \Vjticll W;IS ;icquirc'd ilunn;~~ * f 4  t:rmnlrr, tniiclr of Hc'rv 
I;ork ktkcn acts ;IS u spsrtular rellector dnti appears Jitrk trtk tllc Srsiij;lt inr,spb O:@ir p o r t i o ~ ~ r  o New 
Vnrk b1kvs pivc flip11 rvt,.far?~s d i ~ e  tc, ripples ~~rodi~ccrl hy winrl iietiott. ?Itis was irlfcr~tlttl af'ter analyf'- 
itrp n~cteorulnyical di~tn frcrrt~ ~;nr t : ia  w~iltltcr maps at the tirnc of tCtc Scimt overlra~s wllictl lllrliciitert 
wind spccrils of atrotrt 5 mbs, Other lnhcs also sive IocalircJ liiplt rcturtrs na scvn En Figure 2 (Frcmont 
: t ~ ~ t l  Willow Lithcs), Ripples oil tllc lake surfi1ccs ilrc rouplt at tllr Stlasilt Sc\R w:~vslcnptll ant1 cause 
lliglt rcflecticlrrs, Tile briptlt rsturilsntity he partinily ;lttriihiitcrl to the stcc'p (-?Q1') clspressin~~ trrtglc 
of tllc Sei~siit SAIL The darker, law rctitrn erlgcs of New [:ark Li~hss~nay Irave hesn pratcrrterl frt~nt 
the wind rl\irittg tlw s;ttcllitc r)vurpa.ts aud tfluc; on" tlot rt>ngll ;lr ths Sat5at SA1t ~t.itvctlcttgtI~, 
A portiol~ of t l i ~  j ~ i i ~ i i t  SAR ?;ucnc w:ls snlar8rtl ~rsi~xg tllr ctigititl tii\ti\ on t t ~ c  Atit~nspllcAc and 
c3~ci1110gr;il12li l~~tcrtrcriive I'racussing Systsrn tAO11'Sl ;it (;cltltiiirci Space 1:ligItt Cknter, l ' l~is  rvrts 
rlanc" in or~lcr to tletcrn~inc Ilow I ~ I L J C ~ I  :\tltlilioua( rr :tail cu\tlrl bc. r)lrtili)~cd fly iloirlg n 1 : 1 sa~riplitlg clf 
llts litrcs cul~ll~risir~g tile SAIZ Jatrt, Tlre r.csuliiap suhscc~?c was c ~ i l ~ i t t i ~ e ~ l  hy eontrnht sLretcilJ11g tlls 
spcctr~tl i ~ ~ l i t s  of the data in tllc subs~crnu, a1111 ;rssigtliilg Ilew spectral. limits, 'I'bc it1r;lpc prcrrluct, 
show11 in I:ipi~rc 0,  docs not sltocv ~ I I I Y  irrlrlitional dttttil, itlit i~lfuiv!; 0 1 1 ~  f t l  cnI:i~~ict' f ~ i l t i i ~ ~ ' ~  o f  itt- 
tcrcst for better ~~l l l l?ar i ' io~t  il/itil O ~ ~ C C  illlilgdry ill'ld to~c)gmpllic l l l i l ~ ~ b ,  
At the litllc in which tllc X-Band itnagc wt~s accluired (Marc11 30, 11178) tllc lakes werc corn- 
pletely icc-cavcrctl iIS rlctenninctl tlu.or~gll ;~nalysis of I,ancisi\t i~nngcry, Locnli~ctl bright rcturus 
witllir~ the lakes iI1.e particularly cvident in tltc likc pol:~rizcrl, VV, inlagt) ;I$ scan it1 1:igure 3A, wllilc 
thc VII cross lloltlrizecl i r~iapry (3B) rcnrlcxs tlnrk returns witl~ir~ t l ~ c  iitkes. Ille localiL~tl Irrighl rc- 
turns arc tlc~c to ccflectior~s I'rom tl rougl~ ice S L I T ~ ; L C ~  ;111d { ~ I C  SIIO\V/~CC a1111 icc/rvtttcr interfi~ces and 
possibly air b~\>klcs :inti cri~cks iti thc llei\r surfijcc icc ils discusspcl by Page e t  nl. (19759, 
E 
I 
I S~ low was on t l ~ c  ~ ~ O ~ I I I C [  wllell tllu X-lL1ti3 ~ I I I O ~ L  was :~eqi~iretl i 1 Marcii, In  tllc mountain area, 
r~bovc t l~c  I:tkcs, I l~c  snow dcgtl~ varictl Srotn 1.0 - 3,0 mctcrs. In tllr Onsin, '~olow thc lakes, thc sirow 
wns 0.5 - 1,O mctcrs thick (USDA, 11)76), Rnciar pcnctrntcs the silow nnci dctccts tilc ground surfilcc 
bctlc:ith t l ~ c  stlowcover : i t  tllc X- ancl L-Band w:tvelcngtl~s (Waitc i~nd MacJ)ouald, 19'70), III the 
i i )r~$s~sd ~ i ~ ~ ~ i i f t t i t ~ ~ .  11r wc c ~ n t ~ p y  ~I ' f e~ t i~e ly  cnrtlu~rflages: fllc 8rstrnB below kcurrsc it rclluctr tile 
nricruw,~vc.s b~"ft)rc tiicy Cart W ~ C I I  the ~ I ~ O W C ' O V U ~ &  groi-~t~d. 
Csf "t n i111d J&rttliih~llt wow f1r"lds utv present ill (Ire Iligllusl clcvations of tllc Wintl Rivur 
Moul~ti t i~~s (I:igurr! I Ill. I luwcvctr lllcsc fciitur$s oi~nnot k rl i~ccmed ail t l r ~  Suasut SAK intngc cvcn 
tllulrt,"!~ tltountiun o r  valley type p!nsien hnvc bectr srcti QII c~llrcr kDajirl SAR I~nngery Itrrgely as r, 
r w l t  sf fflvDr ntoritiniil piittcrlls, Also \+iill~y glaciers arc orton i~cnvlly orcvtlsscil i ~ t l  rcprcst)t\t it 
rouylr si~rfnee to tllc mdilr wsvclt?ngt1rs 111 t l ~ c  Ssnsnt SAR accnc, Flgrlrct 2, tllc gluuiets c r rn~~ot  lrc 
rliocon~c(tl from the surro\lnrlin~ tcrruiri pouibly bect~usc af llrcir sil~liltttity in rougltnur,~ to t l ~ c  Ier- 
r;lin tlnd tire fact that tlmy nru ~tllignetl in n NWwSE dircctisli anil ute lllt~s rlot in tire o p t j r ~ ~ a l  look 
dircctiar~ to provitlc rr signnturc reslmnsc s igr~ir ic t~~~t ly  dif'fcrcnt Trom tlrut of tlrc s~trrourldi~~g tcrmirt, 
On tllc La~idsi~t  BBV and U.2 itnayus, cantrilry to  mdor i n ~ e p s ,  snow jlttd ICC are 0ftc11 tltc ~ I I Q S ~  
easily obscrvnble funhrres. Iluwcv~lr even wit11 tllc 1,antlsat nt\d U-2 sensors, glrrciors cntlnot, be retidily 
riis[itlgti~slrctl cxccjrl in tl~c 1:rte skirllllrctr ~VIIL'II  tlw scn ' i~ l~al  S I ~ D \ V I ) U O ~  I l i l~  tttt*lf~d. liig~trs 513 i s  11 
sna\vcnvcrcnl U-2 sceac tilke~l in M:rrel\ of 1976, Co~npnrc tltis figure with I:igurc 3 wl~ io l~  w:ls t:tlicn 
in Mare11 of' 1979 r t t  whiolr titnc tilt gllaund w:~s ulso snowcovcrcil, In tlle snnwcovcrctl U-2 secnc 
tlserc is n lack of tletnil of surfiico Lilaturcs c ~ i ~ ~ p i i r c d  to the tlctnil in tile rilclnr itnngc. Tltc snow el'. 
ftlctively concct~ls tllc untlcrlyinl: surfhcc 011 tllc! 1J-2 scune, but is pcnutl.;ltcd by tllc rridilr, 'Tile utility 
of sytrtllctio tiperttlrc! mdnr io tlr;lppit~g slaay surfi\cc kalurcs is not sci~sonnlly dc(rentlcn1 ns ore sen- 
sors wllicll operate in the visible n ~ l c l  nrnr-infrnrctl portions of tlio clcctron.rngt:tlctic spcctrti~n, 
Rccnusc QI' tlifrcrct~ccs in S C ~ ~ C ,  ~ C S O I ~ I ~ ~ O I I  i t ~ ~ t l  possibly spcctrnl differcnccs bctwvccn tllc X-Ditnti 
and Seasnt SARs, rrveral fccnturcs that wvcre rlifjicult to distitiguislt on Seasilt wcrc rci~dily obsc)vable 
utl the X-Bantl r;rclnrl I b r  exnn~plc, n n~nrslr area is presc~rt YO the rlortll of New Pork Lnkcs wllcrc 
thc New Pork Rivor clltcrs tlic upper lakc (Flgurc 38 ilrtn A), Ibis 11lnrs1) is charactcrizctl by ~~cln- 
tivcly low v c g c t ~ t i ~ l ~  S \ I C ~ X  ;IS rt1si1es i\nd wi1Iow slln~bs, Tile resulting rnrlnr returns itre t r : t~ l~i t i~~l i l l  
it1 raug~rncss bctwcon a ro~rgh nncl iI sirtoe tlr surf;~cc. In thc X-Bnntl inrngcry, tllc rl~nrslr itreti is mosc 
easily scclr it1 tllc cross pali~rizcrl (Figure 313) than ill tllu like polarizcrl i~nirgery (Figurc 3A) bccnusc 

the snowcover. In forested arctls the tree csnopy intercepts the radar signal rmd prevents it from 
renchit~g the srrow s~~rl'ilcc, 
Cornparit18 Scssitt ilnd X-Band aircraft SAR i~naycry t o  Ltindsat RBV imagery, U-2 photogrspby, 
urrd tol~ographic nlilps of ttlc Wind Rivcr Range trrrcu, it seems tllat the SAR data d o  not sccnr to  pro- i 
1 
vide es trluch hydrologic information as d o  tlre otilcr sonsors in the visible atld near-infrarccl portions i 
i 
of  the spectrum, Althougll tile clrainagc tlctctil cxtrnctect froni the radar inrcgery is similar to  that 
which C i W  be dctccted with the visible wilvelengtlis, much more infonnstion regarding snow hydrol- 
ogy can ciirrently b actluircd from the visiblc wavelengths than Srotn LBsnd ttnd X-Band SAR. 
Radar, howcvcr, is useful for analyzing l:yclrologic fcatures bc~reatll snowcover, and shorter wavc- 
Iength radar data !nay providc tnorc information concerning snowpack propcrtics than longer wavc- 
2cngtl.i clata, 
An irnportatrt advantage of radar is its all-weather day/ni,nht rcrnote sensing ciipability. Tllo 
utility of rsdar fur hydrologic studies is optimized during inclc~nent weather, e,g,, during a flood 
wlletl convcntiottal data cannot be acquired clue to  clor~dcover or  darkness. For fi~tiuse satellite mis- 
sions designcd for hytlrologic studies, the multispcctral spproach using visible, near-itlfrarcd, infrared, 
passive nnd active n~icrowavc (radar) wavelengtl~s is obviously the optimutn approach as opposed t o  
using a singlc wavelength or  sensor. It remains to  be seen, however, if there is a synergistic effect on 
the ovcrall results that worlld fully support the adclitional cost and complexity in the tecl~nology 
and data processing. 
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